In order to improve the nutritional quality of biscuits, a multigrain premix (MGP) was developed by using whole barley, sorghum, chickpea, pea and defatted soya flour, each at 20% level. The developed MGP had 26.28% protein, 10.13% insoluble dietary fiber and 7.38% soluble dietary fiber. The experiment was designed to optimise the MGP and wheat flour concentration for the development of multigrain biscuits with high protein, dietary fibre and to maximize the acceptability by the application of central composite rotatable design (CCRD) of Response Surface Methodology (RSM). The levels of incorporation of MGP and wheat flour were taken as variables whereas protein, soluble, insoluble fibers, biscuit dough hardness, breaking strength and overall acceptability (OAA) as responses. The optimum level of MGP and wheat flour obtained using numerical optimization was found to be 40 g and 60 g respectively. The biscuits prepared using these had 16.61% protein, 2.57% soluble fibre, and 6.67% insoluble fibre which is significantly (p ≤ 0.05) higher than control biscuit.
Introduction
In recent years, there is an increased demand for fiber and protein rich, nutritious ready-to-eat foods with ex-reas the soluble and insoluble dietary fibres were estimated according to the method [19] . The carbohydrate content was calculated by the difference method (100 − % moisture + % crude protein + % crude fat + % ash + % fiber). Energy content was calculated by multiplying protein, fat and carbohydrate contents by factors of 4, 9 and 4, respectively. The mean of three independent determinations was reported.
Experimental Design
A CCRD analysis was used to optimize and evaluate the effect of two variables (MGP and wheat flour) on responses (protein (%), soluble fibre (%), insoluble fibre (%), dough hardness (N), breaking strength (N) and OAA). Based on previous preliminary baking experiments, the variable ranges were determined and presented with their coded and actual values in Table 1 . The proportion of each flour was expressed as a fraction of the mixture and for each treatment combination, the sum of the components proportion was equal to 100; where x i = x 1 + x 2 = 100%.
The thirteen different experiments were carried out with four factorial points, five replicates of central points and four axial points and presented in Table 2 . Experiments were conducted randomly to minimize the effect of unexplained variables in the observed responses due to extraneous factors [20] .
The results for the CCRD were used to fit second-order polynomial equation. The regression analysis of the responses was conducted by fitting suitable models represented by (1) 2) Second order polynomial equation
β was the value of the fitted response at the center point of the design, i.e., point (0, 0, 0) in case MGP and wheat flour; x i , x ij were variables; i β , ii β and i j β were regression coefficients and n denoted the number of variables.
The optimization of multigrain biscuits for protein and dietary fibre enrichment was performed according to the method [21] [22] . Design Expert 7.0.0 software (Stat Ease Inc., Minneapolis, MN) was used to generate the models that fit the experimental data, draw the response surface plots and Analysis of Variance (ANOVA) to obtain the coefficients of the final equation for better accuracy. Three-dimensional (3D) surface plots were drawn to illustrate the interactive effects. All the individual desirability functions obtained for each response were combined into an overall expression, which is defined as the geometrical mean of the individual functions. The higher the desirability value, the more adequate is the system. In this study, desirability functions were developed in order to obtain maximum protein, soluble fibre, insoluble fibre, OAA and minimize biscuit dough hardness and breaking strength. All variables of the polynomial regression at a significance level of p ≤ 0.05 were included in the model, and the coefficient of determination (R 2 ) was generated in order to assess the adequacy of the model.
Preparation of Biscuit
Biscuits were prepared according to the AACC method 10 -52 [18] with some modifications (Figure 1) . The ingredients used for the preparation of biscuits were wheat flour 100 g, pulverized sugar 35 g, bakery shortening 20 g, sodium chloride 0.5 g, sodium bicarbonate 0.5 g, ammonium bicarbonate 1 g, skimmed milk powder 2 g, dextrose 2 g and vanilla essence 1 ml. The same procedure was used for the development of multigrain biscuits except the replacement of wheat flour with MGP according to the experimental design and maintaining remaining ingredients constant for all the experiments. After cooling the biscuits were stored in airtight container for further analysis.
Biscuit Dough Hardness
The hardness of the biscuit dough for all the assays was measured using texture profile analysis (TPA) method [23] using a texture analyzer (TA-HD plus, Stable Micro Systems, Surrey, UK). The hardness of the biscuit dough was measured with 50 Kg load cell. The following conditions were used: biscuit dough thickness, 10 mm (circular disc); diameter, 40 mm; circular probe-80 mm diameter; crosshead speed, 50 mm/min; compression-50% of dough height. The mean of three independent determinations was reported.
Biscuit Breaking Strength
The breaking strength of biscuit was determined by texture analyzer using triple beam snap (three point break) techniques as per method [24] . The peak force from the resulting curve indicated as the breaking strength of biscuits. The mean of three independent determinations was reported.
Sensory Evaluation of Biscuits
Sensory quality of multigrain biscuits (MGBs) was evaluated by twenty panellists of age between 25 to 50 years, including both male and female, who had earlier experience in quality evaluation of bakery products. They were further oriented in four sessions, including two hours of training in each session. The samples were evaluated in triplicates by each panellist for its overall acceptability on a 9 point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike and 9 = like extremely) according to the method [25] . The samples were identified by code numbers and presented in a random order to the panellist.
Statistical Analysis
Data was analyzed by the least-squares method and response surfaces were generated using the Design Expert 7.0.0 software (Stat Ease Inc., Minneapolis, MN). Analysis of variance (ANOVA) was used to test the significance of each variable (p ≤ 0.05) and to verify the adequacy of the model. Interaction effects were determined using LS means (p ≤ 0.05). All experiments were carried out in triplicate.
Results and Discussion

Flour Analysis
The wheat flour used for the study contained 13.1% moisture, 0.5% ash, 10.3% protein, 9.9% dry gluten and 398 s falling number indicating thereby the wheat flour selected for the study was of medium strong quality. Earlier researcher [26] also used the wheat flour having 0.51% ash, 10.4% protein, 9.8% dry gluten and falling number of 428 s to prepare cookies with dried Moringa leaves. The developed MGP had 8.1% moisture, 3.4% ash, 26.3% protein, 17.5% total dietary fiber (7.4% soluble and 10.1% insoluble dietary fiber) which indicates its suitability to use in the development of protein and dietary fiber enriched biscuits.
Effect of Variables on the Selected Responses
The 13 experimental combinations of CCRD with two selected variables were presented in Table 2 . Incorporation of MGP significantly (p ≤ 0.05) increased the protein, soluble and insoluble fibres content in biscuits. The increase in protein content is mainly due to the presence of defatted soya flour, chickpea and pea flour in the MGP. Particularly, soya is known for its rich protein content with high levels of lysine and other micronutrients [27] . Barley will contribute for soluble and insoluble dietary fibers, particularly soluble fiber component betaglucan, which is reported to lower cholesterol levels [8] . Sorghum with husk will contribute to soluble and insoluble fiber along with polyphenols, which results in the high fiber content in the MGP [28] . Figures 2(a)-(c) (a) (b) shows the effect of MGP on the responses viz. protein, soluble fibre and insoluble fibre contents. Earlier, [29] optimized cereal-millet based nutri-bar and reported the significant increase in protein, fat, fiber and ash content.
Biscuit dough hardness and breaking strength are important physical parameters in the biscuit quality evaluation, which in turn affect the sensory attributes of biscuits. Figure 2 (e) and Figure 2(f) show the effect of MGP on dough hardness and biscuit breaking strength respectively. The hardness of the dough increased with the increase in MGP addition [30] . The increase in the dough hardness may be due to presence of greater number of hydroxyl groups, which exist in the fiber structure of MGP, allows more water interaction through hydrogen bonding [31] . The breaking strength of biscuits increased with the incorporation of MGP. This breaking strength stimulates the evaluation of hardness by consumer holding the biscuits in hands and breaking by bending [32] . Similar finding of increased breaking strength of biscuits by adding fenugreek seed and flax seed was reported [33] . Sensory attributes plays an important role in modification, improvement, development and acceptance of new food products [14] . Figure 2(d) depicts the effect of variables on OAA of biscuits, which reduced significantly (p ≤ 0.05) with the incorporation of MGP. Earlier, [10] also reported reduction in OAA score of biscuits with the 30% addition of roasted, steamed or microwave treated wheat bran. Addition of increased level of rice bran and fenugreek flour blends decreased the OAA scores of cookies [34] .
Regression Equations and Model Fitting
Regression coefficients, R 2 , adjusted R 2 and probability (p) values for the protein and dietary fibre enriched biscuits were developed and presented in the Table 3 . All the responses were fitted with quadratic models. The p values of all regression models were less than 0.0310 indicating the significance of all the models. The R 2 values of the responses to protein, soluble fibre, insoluble fibre, dough hardness, biscuit breaking strength and OAA were found to be 0.9847, 0.9796, 0.9976, 0.9694, 0.9837 and 0.9635 respectively, which is higher than 80% indicating the fitness of polynomial models used for describing the effect of variables on the responses [35] . Earlier [14] reported, in optimization of baking parameters of chapathi with respect to vitamin B1 and B2 retention and quality, the polynomial models were fitted as the R 2 value for the responses like hardness, cohesiveness, chewiness, vitamin B1 and B2 were above 80%.
The multiple regression equations (in terms of coded factors) were obtained for the responses are as follows; ( ) 
Optimization of MGP Level and Model Validation
The ratio of MGP and wheat flour for biscuits was optimized using numerical multi-response optimization method. Numerical optimization technique is one of the best methods to find out the best optimal ratio of the variables as it reduces the time and efforts required for the investigation of multifactor and multiple-response systems. The optimized ratio of MGP and wheat flour was 40% and 60% respectively, with a desirability of 0.991. The predicted responses were experimentally validated using an optimized ratio of MGP and wheat flour ( Table  4) . A model can be considered as an adequate model, if the predicted values are close to the experimental values observed during the validation tests [36] . The results revealed that there is no significant (p ≤ 0.05) difference between experimental and predicted response values and thereby reconfirming the adequacy of the models.
Proximate Composition of Control and Optimized Biscuit
The composition of optimized and control biscuits were presented in Table 5 . The addition of MGP did not affect significantly the fat content of biscuits, but a significant (p ≤ 0.05) difference in protein, soluble and insoluble fiber content was observed. The protein content, soluble fibre, insoluble fibre contents were found to increase from 7.7%, 0.46% and 2.17% to 16.61%, 2.57% and 6.67% respectively. Earlier, [9] reported up to 15% addition of multigrain mix in bread making resulted in a 1.5% increase in protein and 2.5% increase in dietary fiber.
Conclusion
RSM was found to be efficient in optimizing the best optimal ratio of MGP and wheat flour to obtain protein and dietary fibre enriched biscuits. The present study shows that if wheat flour is substituted with 40% of MGP developed by using sorghum, barley, chickpea, pea and defatted soya flour each at 20% level, it is good enough to produce biscuits containing high protein (16.61%) and dietary fibre (9.24%) with a good overall acceptability similar to wheat flour based control biscuits. 
